This study was aimed to explain the effect of temperature during roasting on safflower seeds and oil composition regarding the changes in oil content, phenolic compounds, oxidative stability, fatty acids,composition and oil color.In general, no change in the of phenolic compounds content of safflower seeds for all varieties by the roasting process was found, whereas there was a significant increase in antioxidant activity of safflower seeds in both DPPH radical scavenging activity and ß-carotene method. Oil content increased by increasing roasting temperature and the optimal temperature (from 120° to 180 °C) varied depending on the variety. The roasting process at 180°C for 15 min. increase the total phenolic compounds of oil by 2.8-fold in the oil compared with that of unroasted samples. The activity of safflower oil increased gradually by roasting and the maximum activity recorded at180 °C.The fatty acids composition of samples changed slightly by the roasting process compared with the control. The major fatty acids was linoleic acid (75.0-76.4%). The color intensity as a result of Maillard reaction products (MRP) accumulation in the oil revealed the oil from roasted seeds were more dark than that oil from raw seeds. There was a little change in the induction time (from 1.4 to 1.9 h ) of the roasted seeds oil by the Rancimat test at 120°C.
INTRODUCTION
Vegetable oils are the essential food compounds that are important for human health. The demand for vegetable oils for food application is consider the main goal for production of oil seeds (Camas et al.,2007) .Safflower is an oilseed estimated as a good source of high quality vegetable oils (Golkar et al., 2011 a ) . Safflower (Carthamus tinctorius L.)is an oilseed crop that ranks eighth after soybean, groundnut, rapeseed, sunflower, sesame, linseed, and castor as an oilseeds (Damodaram and Hegde, 2002) .Edible safflower oil used for cooking, margarine production and for salad (Emongor,2010) .
Safflower oil contain valuable content of essential fatty acids (EFAs), such as linoleicacid (C18: 2). In addition to the saturated fatty acid stearich(C18:0), other longer chain fatty acids such asarachidic (C20:0), eicosenoic (C20:1, cis-11), behenic (C22:0) and lignoceric (C24:0) acids also present (Carvalhoetal., 2006) . Lipid oxidation strongly affects shelf life and sensory characteristics of seed oils and depends on many factors such as the concentrations of unsaturated fatty acids, enzymatic activity, mineral composition and the presence of natural antioxidants (Ozdemir and Devres, 2000) .
Functional and nutritional properties of oils mainly affected by the changes in the chemical composition in addition to the level of the minor constituents.
Roasting, cleaning and pressing are the conventional techniques used for seasoned oils preparation as perilla ,sesame and rep pepper oils (Kim et al., 2002) . Roasting is a heat treatment that used for typical color, flavor and taste development. Roasting is an essential treatment for oilseeds before extraction the oil that caused the chemical composition change, modifies the nutritional quality and the shelf life of the resulting oil (Ozdemir and Devres, 2000) .In some countries the roasted safflower seeds or the powder prepared was reported as medicinal plants which used to repair the bon break or for bone formation. (Kim et al.,1998) . Roasting process could alter the overall antioxidant of oils by increase or decrease the movement of the active compounds from seeds to oils (Durmaz and Gökmen,2011) .The roasting process effect on antioxidant activity relies on poise of the thermal decomposition of natural antioxidant component and the accumulation of the incoming Maillard reaction products compounds with good antioxidant properties. (Acar et al., 2009) .A better extractability of phenolic compounds (Wijesundera et al., 2008) and tocopherols (Kim et al., 2002) has been described when oil was resulted from roasted seeds.
The objective of this study was to examine roasting process effect on some safflower seeds feature such as oil content, phenolic compounds, fatty acids composition, oil color as well as the antioxidant activity of both roasted seeds and oil extracted from seeds.
MATERIALS AND METHODS

Materials
Safflower (Carthamus tinctorius L.) (Giza1, Kharga1and Kharga2) varieties were kindly provided by the National Centre for Agriculture Research, Cairo, Egypt. Methods Roasting of safflower seeds.
Safflower seeds (around 200g) were singly arranged in aluminium pans (30 ×25 cm) and then placed in an electric forced air oven (Germany, Detmold, MRI).The seeds were roasted for 15 min at different temperatures (120,140,160 and 180ºC) the roasting was repeated and each sample obtained was analyzed once. The roasted safflower seeds were cooled at room temperature, milled then stored in refrigerator until using for analysis. (Lee et al., 2004) . Oil content.
The oil content was determined in accordance with method A. O.A.C.(1999) .
Fatty acids composition.
The Fatty acids methyl esters (FAME) of samples were determined by using gas chromatographic assay according to standard methods(Germany, Detmold, MRI) DGF-C-VI 10 in combination with DGF-C-VI 11d (DGF, 2013) . Fatty acids of samples were compared with the known rapeseed oil fatty acids on basis of the retention time. The peak areas were calculated by Chemstation , FAME percents were calculated by direct internal normalization. ( Matthäus and Otgonbayar, 2016) . Total extractable and extractable phenolic compounds content.
Total extractable and extractable phenolic compounds content were determined according to the method of (Taga et al,1984) . Absorbance was measured at 750 nm on a spectrophotometer against the blank. Results were expressed as gallic acid equivalent in dry matter (Gutfinger, 1981) .
Safflower oil from unroasted and roasted seeds used for phenolic content determination after phenolics extraction from oil, 60% methanolic solution used for the resulted oil extraction (1:2 w/v) for 10 min with shaking then for 1 min with vortex (twice) The solvent was evaporated and the extract was redissolved in the extraction solvent (Ashrafiand Razmio, 2010) .The total phenolic content was assayed using modified Folin-Ciocalteau method as described above. Oxidative stability.
Rancimat measurement was carried out to measure the oxidative stability of oils. The induction time measured using 743 Rancimat (Metrohm, Filderstadt, Germany, Detmold; MRI). The stabilization factor (F) was calculated according to (Moure et al., 2000 ) F = IPA/IP0, where IP0 is the induction time of control and IPA is the induction time of samples..
Determination of radical scavenging activity( DPPH).
Determination of antioxidant activity (DPPH %) was estimated by 2,2 diphenyl-picrylhydrazyl (DPPH) assay ,according to the method of (Brand-William et al., 1995) at MRI, Detmold, Germany. The concentration of an antioxidant which was required to quench 50% of the initial DPPH radicals was expressed as IC50 and was calculated from a calibration curve. Determination of antioxidant activity with the ß-carotene bleaching method.
The decrease of ß-carotene absorbance caused by the co-oxidation by linoleic acid at 55°C was assayed spectrophotometry (UV double beam spectrophotometer, Germany) (Lu and Foo, 2000) .Then the antioxidant activity coefficient (AAC) was calculated using by the formula: AAC = 1000 x [( AA60-AB60)/(AB0 -AB60)], Where, AB0, AA60, and AB60 are the absorbances at 470 nm of the blank and test samples at 0 and 60 min, respectively (Chevolleau et al., 1992) Determination of safflower oil color development.
The absorbance of 5.0% (w/v) of oil solution in chloroform was measured using spectrophotometer(UV double beam spectrophotometer, Germany) at 420 nm according to (Yoshida et al., 1999) for color development measurement. Statistical analysis.
The obtained data as mean values were analyzed by analysis of variance "ANOVA" at P ≤ 0.05 followed by Least Significant Difference Test "LSD" using PROC GLM procedure of Statistical Analysis System (SAS®) version 9.2 for Windows, SAS Institute Inc., Cary, NC, USA (SAS®, 2009) .
RESULTS AND DISCUSSION
Total extractable and phenolics content of safflower seeds as affected by roasting temperature.
A significant increase (p<0.005) of total extractable compounds content was observed with increasing the roasting temperature at 160°C and 180°C for 15 min compared to the unroasted samples of all safflower seed samples (Table 1) . On the other side, at lower roasting temperature the total extractable compounds decreased initially with increasing roasting temperature until 140°C. After roasting at 180°C the highest increase of total extractable compounds was 25% for Giza1 seeds, while for Kharga1 and Kharga 2 it was 5% and 4%, respectively.
According to (Xu and Chang, (2008) treating the plant origin foods by heating or roasting treatment causes the intracellular water evaporation ,in terns change the lignocellulosic structure and denatured the protein which might cause phenolic content in the matrix increase. A different trend was observed for the phenolics content (Table  1) . The roasting temperature effect on the phenolics content of safflower seeds had no significantly influence (p<0.005) for all varieties. In general, the content of phenolic compounds decreased slightly with increasing roasting temperature even if this tendency was not clear for all varieties and temperatures. The results suggest that the phenolic compounds present in safflower seeds are thermo-labile. Chan et al.(2009) revealed that thermal treatments such as microwave-, sun-and oven-drying resulted decrease the total phenolic compounds of tea leaves and ginger. Also Xuet al. (2007) illustrated that the heat treatment of huyou peel caused a reduction in the total phenolic acids which indicate that the heat treatment causes phenolic acids destroying or converted from soluble phenolics to insoluble phenolic compounds. On the other hand, the increase of polyphenols amount in sweet corn was previously explained by Dewanto et al. (2002) they suggested that the thermal processing releases bound phenolic acids within cell walls Antioxidant activity of safflower seeds as affected by the roasting temperature.
The antioxidant activity of methanolic extracts obtained from roasted safflower seeds was assayed using DPPH radical scavenging activity and to prevent the bleaching of ß-carotene by oxidized linoleic acid. Total antioxidant activity shows the occurrence of neo-formed and natural antioxidant constitutes in both raw and roasted safflower seeds. The DPPH radical activity of methanolic extracts of unroasted and roasted safflower seeds was given by EC 50, which is the amount of sample necessary to decrease the initial DPPH concentration of a given solution by 50%.
The antioxidant activity of methanolic safflower seeds extracts was determined before and after roasting at 120, 140, 160, and 180 °C for 15 min (Table 2) . Roasting significant caused a clear increase in the antioxidant activity in both DPPH radical scavenging activity and ß-carotene bleaching method. Reducing characteristics of antioxidants are mainly associated with reductones occurring (Lingnertand Eriksson, 1981) . The highest roasting temperature (180°C) for15 min. caused an increase of the antioxidant activity of methanolic seed extracts of Kharga1, Kharga2 and Giza1by 39.5, 31.4, and 13.7%, respectively compared to unroasted seeds. Irregular increasing in the antioxidant activity by DPPH assay of the roasted seed extracts at 120-180 °C was noted. This is may be due to the chemical alteration of phenolic component at higher temperatures that changed the activity of those compounds during roasting progress. The balance between the formation of new maillard reaction products having antioxidant capacity and the thermal degradation of naturally occurring antioxidant compounds during roasting process of oilseeds is the main factor which influences the total antioxidant capacity of oilseeds Acar et al ( 2009) .
Concerning the ß-carotene bleaching method the antioxidant activity of the methanolic safflower seed extracts increased significantly as roasting temperature reaching an apparent maximum at 180°C. The antioxidant activity of the methanolic extracts from roasted Kharga1, Kharga2 and Giza1 at 180°C was 3.0, 2.6 and 2.4-fold, respectively higher than that of unroasted safflower seeds. The increase of the antioxidant activity as affected by roasting temperature of safflower seeds may be as a result of formation of new compounds with antioxidant properties during the heating, such as the melanoidins during Millard reactions. Jannat et al .(2010) concluded that the antioxidant activity of sesame extracts was significantly affected by roasting temperature and time. Our results indicated that the roasting process was effective in liberating antioxidant compounds from safflower seeds with increasing roasting temperature. Thus roasting process of seeds between 120 -180 °C is effective procedure in increasing the antioxidant activity. Effect of roasting temperature on oil content of safflower seeds.
The extractable oil content of unroasted and roasted safflower seeds at different temperatures are presented in Table ( 3). The oil content of unroasted safflower seeds varied between 30.5 -31.5%, depending on the variety. Yeilaghi et al .(2012) showed that significant effects of genotype on oil content of seeds and fatty acids profile of 64 safflower genotypes. Golkar et al. (2011b) indicated that the importance role of gentic variance in controlling of safflower oil content, fatty acids and protein contents.
The observed oil contents were close to those reported by Ashrafi and Razmjo (2010) .The oil content increased significantly (p<0.005) after roasting treatment at 120° to 180 °C compared with the unroasted seeds. But there is not a strong significance between the roasted seeds at different temperatures. It was obviously that the different varieties of safflower seeds showed a different response on the temperatures. The different temperatures of roasting showed that the highest oil content were 140°C for Kharga1,160°C for Giza1 and 180°C for kharga 2. Kharga1seeds had the highest oil content 33.7% after roasting at 140°C, while it was 34.2 and 32.8 % at 180 C and 160 C for Giza1 and Kharga 2, respectively. The increase of the extractable of oil content of the roasted safflower seeds at different temperatures seems to be the result of changes in seeds matrix by protein denaturation, led to the oil passes easily from seeds during the extraction process. The results also indicate that the studied varieties of seeds had different ability in its response to the different roasting temperatures. The results are agree with that showed by Mariod et al.(2012) who found that the oil content of safflower seeds increased as a results of the roasting process. Effect of the roasting temperature on phenolics compounds content and antioxidant activity(DPPH) of safflower oil. Phenolic compounds are natural antioxidants that can be occur in considerable amounts in natural oils and correlate well with oil stability and flavor Tovar et al ( 2011) . The contents of these compounds show differences in different oils according to the cultivar Ben Moumen et al. (2013) .
The results summarized in Table ( 4) show that roasting at 140-180 °C caused a significant increase in phenolics compounds content of oil. While it was not observed at 120°C.Phenolic compounds pass into the oil phase by roasting process of oilseeds, this is might be due to the phenolic compounds liberation from the bounded form or due to the chemical change of the phenolics compounds during heat treatment (Veldsink et al.,1999 and Wijesundera et al., 2008) . The results show that the increase of total phenolic compounds in oil as affected by the roasting process was higher than those mentioned above for seeds. This increase might be related to the new formed or liberated compounds by the roasting process that could be more lipophilic and passed into oil. Also the darker color of oil which noted in this work at higher roasting temperatures could explain this great formation and passing of the new products with high antioxidant activity into the oil. A similar trend was observed for the antioxidant activity of safflower oil extracted from roasted safflower seeds measured by the DPPH assay. The antioxidant activity of safflower oil increased with increasing roasting temperature reaching an apparent maximum at 180°C.
At this temperature the lowest amount of sample is necessary to reduce the amount of DPPH in a given solution for 50% indicating the highest antioxidant activity.These results are in agreement with that previously reported by Lee et al. (2004) they showed that the great oxidative stability of oil from roasted safflower seeds was a result of enzymatic reaction compounds that formed by heating process, browning substances are very polar due to active radicals (Anjumet al., 2006) .A strong antioxidant activity for maillard reaction products has been previously reported by (Lee,1992; Jungetal.,1999) .The antioxidant activity increase of oils methanolic extracts from the treated seeds with increasing roasting temperature was reported earlier (Durmazet al., 2010) . This increase almost occurs due to the formed polar compounds in oil during roasting Therefore; an increase in browning compounds might be related to the increase in other lipids in oil, such as glyceroglycolipids. On the other hand millared reactions product occurred during the roasting process could have participated to this activity increase. (Durmazet al., 2010) .The improvement in oxidative stability of roasted oils could have been caused by antioxidative millard reactions products or inactivation of oil degrading enzymes Nederal et al. (2012) . Effect of roasting temperatures on oxidative stability of safflower oil. During processing and storage edible oils are oxidized by autoxidation reactions. The oxidative stability is an indication of stability of oil against oxidation and one method for the evaluation of the oxidative stability is the Rancimat test. The results of the oxidative stability of roasted and unroasted safflower seeds oils are presented in Table 5 The results showed that the oxidative stability of oil from unroasted seeds was between 1.4 and 1.6 h. These results are in a accordance with Mihaela et al.(2013) where the rancimat measurement of the high linoleic safflower oil showed low induction time ranged between 2 and 4 h. For oils from roasted safflower seeds a small increase was noted in the induction time from 120° to 160°C compared with that of unroasted seeds. The most pronounced effect for all varieties of seeds was found at 160°C, while the induction period decreased at 180°C for oil from roasted seeds of Kharga1 and Kharga2. For Giza1 no change was found between oil obtained from seeds roasted at 160 and 180°C, respectively. The small differences between the oxidative stability of roasted and unroasted safflower seeds oils could be related to the effect of the new formed compounds during roasting process.
Oxidative stability of the oils is positively correlated with oleic acid content and negatively correlated with linoleic and linolenic acid contents Nederal et al.( 2012) .This study reported that safflower oil with high linoleic acid has low oxidative stability and accordingly is not suited for deep frying applications. Effect of roasting temperatures on the fatty acids composition (FA).
The fatty acid profile of the oil reflects the nutritional value of the edible oils. The fatty acids composition of oil can be an indicator of its stability, physical properties, and nutritional value. The principal fatty acids components of the safflower oil varieties (unroasted) consisted of palmitic (C16:0)(6.2-7.5%),stearic(C18:0)(2.2-2.8%), oleic (C18;1)(10.6-13.4%),linoleic (C18:2) (75.1-76.4%),and arachidic(C20:0)(0.4%), Table (6). The fatty acids profile of safflower oils is closed to those reported by Bozan and Temelli, (2007) ; Yeilaghi et al.( 2012) .The composition was generally characterized by relatively higher percentages of polyunsaturated linoleic acid and relatively low content of saturated fatty acids as palmitic and stearic acids. The results of the fatty acids content showed no trans fatty acids formation using oven roasting at temperatures up to 180°C.
The results are in accordance with Ben Moumen et al. (2013) they demonstrated that the proportion of saturated fatty acids (SFA) slightly varies between 9.7 and 10.8% while they found amounts between89.2 and 90.2%for the unsaturated fatty acids (UFA).
Roasting of the seeds in an oven for 15 min at 120, 140, 160 ,and 180°C resulted only in little changes in the fatty acids composition of the oils. The results showed that Kharga2 was more affected by the roasting process than Kharga1 and Giza1.For Kharga 2 oleic and linoleic acids were more affected by roasting than other fatty acids. (Durmaz and Gökmen, 2011) early reported that a slight change in the fatty acid composition of P. terebinthus oil after roasting of the seeds has been occurred. Kim et al.( 2002) found no change in the fatty acid profile of rice germ and sesame seed oils get from roasted seeds at different temperatures and times. Mean values of fatty acids within a raw that have different letter are significantly different at P < 0.05. *R.O = Safflower oil from roasted seeds. FAME: fatty acids methyl ester. Anjum et al.(2006) reported that after microwave roasting of two different sunflower seeds varieties for15 min oleic acid was increased to 43.8and 46.0%, whereas linoleic acid were decreased to 43.6 and 40.7%. The longer roasting time resulted the higher oleic acid percent and lesser linoleic acid percent. The decrease in linoleic acid content might be due to the deactivation of the omega-6fatty acid desaturase(FAD2-1) enzyme during roasting process. Hassanien et al . (2003) also showed that the microwave heating had highly decrease unsaturated fatty acids(UFA) and polyunsaturated fatty acids (PUFA) of oils than conventional heating methods, at the same time no change of saturated fatty acids contents. Effect of roasting temperature on oil color development.
Roasted seeds normally produce dark color oils comparing to raw seeds (Durmaz and Gökmen, 2011) . The color development of safflower oil extracted from roasted safflower seeds presented in Table (7) . An increase of ultra violet UV absorbance 420 nm by increasing the roasting temperatures revealed browning substances formation. A gradually change of oil color of roasted safflower seeds from light -yellow before roasting (absorbance: 0.0574, 0.0366 and 0.055 for Kharga 1, Kharga 2, and Giza 1,respectively to brown (absorbance from 0.0571 to 0.0788 ) at 120, 140 , and 160°C then to deep-brown (absorbance: 0.1098, 0.1069 and 0.1126 at 180°C for the same seed varieties, respectively).The formation of browning substances in most thermally processed foods as a result of caramelization, Maillard-type nonenzymatic reactions, and phospholipid degradation. Megahad (2001) showed that the color index of stripped and non-stripped linseed oil recorded higher values for non-stripped oil compared to the striped one probably due to interaction of tocopherol components with unsaturated fatty acids to give toco-red compounds similar to that reported in soybean oil. Also, Kim et al.(2002) reported an increase of the color index in oil from roasted seeds and they showed that the dark color of oil was found to be most probably due to the passage of the maillard reaction products (MRPs) formed during roasting. Durmaz and Gökmen (2011) measured hydroxyl methyl furfural (HMF) level and color intensity of Pistacia terebinthus oil as an indicator for (MRPs) formation in oil as affected by the roasting process and found an increase with increasing roasting time. 
CONCLUSION
Safflower seeds are a good source of oil rich in unsaturated fatty acids mainly linoleic acid in addition to phenolic compounds that have an antioxidant activity. The phenolic compounds content and antioxidant activity of safflower seeds and oil were obviously affected by the roasting process.The exposure to higher temperatures has a great effect on oil color, total phenolic compounds of the oil, and the antioxidant activity of seeds oil. However, roasting had only little effect on the fatty acids content, the induction time and subsequently the stability of the oil. Roasting of safflower seeds was better for the quality of both the oil and the seeds.
